A

Award Number: DAMD17-00-1-0423

TITLE: Role of PTPase LAR in EGF Receptor Signaling in Mammary
Gland

PRINCIPAL INVESTIGATOR: Robert A. Mooney, Ph.D.

CONTRACTING ORGANIZATION: University of Rochester
Rochester, New York 14627

REPORT DATE: June 2002

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

20021127 120

—




REPORT DOCUMENTATION PAGE B A e

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching exisling data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, inciuding suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 2002 Annual (1 Jun 01 - 31 May 02)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Role of PTPase LAR in EGF Receptor Signaling in DAMD17-00-1-0423
Mammary Gland

6. AUTHOR(S}
Robert A. Mooney, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
. REPORT NUMBER
University of Rochester

Rochester, New York 14627

E-Mail: robert_mooney@urmec.rochester.edu

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

13. Abstract {Maximum 200 Words) (abstract should contain no proprietary or confidential information)

The epidermal growth factor receptor (EGFR) is an important mediator of breast cancer tumorigenesis and metastasis.
While much is known about EGFR signal transduction related to its tyrosine kinase activity, less is known about the
protein tyrosine phosphatases (PTPs) which must be present to modulate the cellular effects of the EGFR by
dephosphorylating the receptor and its substrates. Evidence derived from several approaches suggests that the
transmembrane PTP LAR may be involved in EGFR signaling in mammary gland development and tumorigenesis. The
hypothesis to be tested in this proposal is that LAR plays an important role in EGFR-dependent mammary gland
development and tumorigenesis through negative modulation of EGFR signal transduction. Work in the second year has
supported this hypothesis. LAR expression is also shown to be regulated by cell density, with concentrations increasing
markedly as cell density increases. Functional E-cadherin complexes are necessary for this effect. Cell contact inhibition
of EGF-dependent proliferation in MCF10A mammary tumor cells is shown to be mediated at the level of Akt activation.
E-cadherin complexes are presumed to be the mediators of this cell contact inhibition. Thus, it is intriguing to speculate
that the density dependent increase in LAR by E-cadherin complexes and the suppression EGF signaling by E-cadherin
complexes are linked. A remaining experimental question is whether LAR levels increase with cell density in order to
suppress EGFR signaling.

14. SUBJECT TERMS 15. NUMBER OF PAGES
cancer biology, cell signaling, growth factors, growth factor 20
receptors, protein tyrosine phosphatases 16. PRICE CODE
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE . OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. 239-18
298-102




Table of Contents

................................................... attached




4

INTRODUCTION

The epidermal growth factor receptor (EGFR) and the related protein erbB2 have been
implicated as important mediators of breast cancer tumorigenesis and metastasis. While much
is known about EGFR signal transduction related to its tyrosine kinase activity, less is known
about the protein tyrosine phosphatases (PTPs) which must be present to modulate the cellular
effects of the EGFR by dephosphorylating the receptor and its substrates. Evidence derived
from several approaches suggests that the transmembrane PTP LAR may be involved in EGFR
signaling in mammary gland development and tumorigenesis. Two sets of data are
particularly important. First, the LAR knockout mouse has been shown to have a defect in
terminal mammary gland development. Second, we have shown that suppression of cellular
LAR by 60% using an antisense expression vector results in a 3-4 fold elevation of EGF-
dependent receptor signaling. Based upon these and other observations, the Aypothesis to be
tested in this proposal is that LAR plays an important role in EGFR-dependent mammary
gland development and tumorigenesis through negative modulation of EGFR signal
transduction.
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ANNUAL REPORT

The research question (hypothesis) to be tested in this proposal is that LAR plays an
important role in EGFR-dependent breast cancer through negative modulation of EGFR
signal transduction. With the long term goal of understanding the mechanisms by which EGF
signaling is abnormal in breast cancer, two specific aims are being pursued: First:
characterize the impact of LAR on TGFa-dependent abnormal mammary gland development.
This requires a mouse model which has the combined characteristics of a LAR deficient
(knockout) mouse and a mouse which has a strong tendency to abnormal mammary
development and tumors because of increased expression of the tumor-promoting gene
(TGFo) in the mammary gland. The hypothesis would predict that abnormal mammary
development will be more pronounced in those mice with the absence of the modulatory
effects of LAR. Second: define the mechanism by which LAR mediates its modulatory effect
on EGFR signaling and alters mammary gland development. Examine how LAR interacts with
EGFR. Is it direct or through some intermediate steps?

Aim #1: Characterize the influence of PTP LLAR on TGFa-dependent abnormal
mammary gland development.

This objective requires the crossing of LAR knockout mouse with mice expressing
TGFo targeted to the mammary epithelium. These studies require the monitoring of the mice
for tumor formation for a period of 12 months and beyond. In the first funding year, it became
known that the co-investigator, Dr. William Kisseberth, was relocating to the Dept. of Clinical
Sciences, College of Veterinary Medicine, Ohio State University. While this relocation did
not alter the objectives of this study, Dr. Kisseberth’s contribution to the project included this
aspect of the study, ie. the crossbreeding of the mice and the monitoring of same for tumor
formation. Thus, it was decided to postpone the initiation of the mouse crossing studies until
after the relocation so that they can be completed at Ohio State. Relocation of the animals
during their tumor latency was not considered to be wise. Now that Dr. Kisseberth has been
established at Ohio State, he has begun the breeding experiments as described above. We
anticipate commencing with the analysis of animal data in the near future. It must be kept in
mind that the endpoint is tumor development. Thus, a 12 month delay after the breeding of the
mice is needed in order to accumulate the date.

Aim 2:Elucidate the mechanism by which LAR modulates EGFR signaling in the
mammary gland.

Two aspects of Aim #2 have shown progress during Year #2. These include A)
completing final experiments needed to publish our investigation: Expression of PTP LAR is
regulated by cell density through functional E-cadherin complexes and B) an investigation of
the mechanism by which cell contact inhibition (mediated by functional E-cadherin
complexes) inhibits EGFR proliferation signaling in a mammary epithelial cell model.

A) Expression of PTP LAR is Regulated by Cell Density Through Functional E-Cadherin

Complexes: We have completed this investigation which was desribed in considerable detail
in the report for Year 1. Since the major effort in Year 2 on this project was focused on
repeating experiments and addressing reviewers’ comments before publication, all of the data
will not be repeated here. A copy of the preprint is place in the Appendix. Only the Abstract
is included below.
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Abstract: The receptor-like protein tyrosine phosphatase LAR has been implicated in receptor
tyrosine kinase signaling pathways while also displaying cell density dependency and
localization to adherens junctions. While physiologic substrates for LAR have not been
unequivocally identified, B-catenin associates with LAR and is an in vitro substrate. With the
implication that LAR may play a role in regulating E-cadherin dependent cell-cell
communication and contact inhibition, the relationship of LAR to E-cadherin was investigated.

LAR expression increased with cell density in the human breast cancer cell MCF-7 and in Ln
3 cells derived from the 13672NF rat mammary adenocarcinoma. LAR protein levels rapidly
decreased when cells were replated at low density after attaining high expression of LAR at
high cell density. COS-7 cells displayed comparable density-dependent regulation of LAR
expression when transiently expressing exogenous LAR under the control of a constitutively
active promoter, indicating that the regulation of expression is not at the level of gene
regulation. Disrupting homophilic E-cadherin complexes by chelating extracellular calcium
caused a marked decrease in LAR protein levels. Similarly, blocking E-cadherin interactions
with saturating amounts of E-cadherin antibody (HECD-1) also led to a rapid and pronounced
loss of cellular LAR. In contrast, mimicking cell surface E-cadherin engagement by plating
cells at low density onto dishes coated with HECD-1 resulted in a 2 fold increase in LAR
expression compared to controls. These results suggest that density-dependent regulation of
LAR expression is mediated by functional E-cadherin and may play a role in density-
dependent contact inhibition by regulating tyrosine phosphorylation in E-cadherin complexes.

B) EGFR signaling is inhibited by cell contact at the level of Akt activation:  Cell
contacts prevent normal adult breast epithelium from proliferating when exposed to growth
stimuli, such as EGF. In contrast, neoplastic epithelial cells proliferate in response to EGF
despite being surrounded by other cells in the tumor mass. We sought to understand the
mechanism of cell contact-mediated inhibition of EGF signaling by comparing EGF-
dependent signaling in low density and high density MCF10A cell cultures. The MCF10A
normal human breast epithelial cell line requires EGF for proliferation in culture and exhibits
density-dependent withdrawal from the cell cycle (fig. 1). EGF treatment caused maximal EGF
receptor activation by 10 min that was two-fold higher in the low density MCF10A cells (fig.
2). The EGF receptor remained activated and unchanged for 30 min under both density
conditions. EGF receptor mass was also similar in low and high density cultures. Signaling
pathways which were independent of cell density include the following: (1) EGF-dependent
tyrosine phosphorylation of erbB3 and association of the p85 subunit of PI3 kinase with erbB3
(fig. 3), (2) EGF-dependent tyrosine phosphorylation of Gab-1 (fig. 4), (3) EGF dependent
association of the p85 subunit of PI3 kinase with Gab-1 (fig. 4), (4) In vitro Gabl-associated
PI3 kinase activity (fig. 5), (5) PDK1-dependent phosphorylation of Akt (fig. 5), and, finally
(6) Erk-1/2 activation (fig. 6). Only at the level of EGF-dependent Akt activation was a
marked difference between high and low density cells apparent (fig. 7). In contact-inhibited
MCF10A cells, EGF treatment caused a transient stimulation of Akt activity that peaked at 5
min and rapidly decreased to 30% at 30 min. In the low density cells, in contrast, Akt was
activated to the same extent at 5 min as in the high-density cells (as measured by serine 473
phosphorylation), but the low density cells retained 65% of this activity at 30 min (fig. 7). The
in vitro kinase activity of Akt is higher in the low density cells at both 5 and 30 min (fig. 8).
This approximately two fold higher Akt activity in low density cells remains present for at
least 21 hours (fig. 9). Preliminary studies show, if low density cells were treated with the PI3
kinase inhibitor LY294002 such that only 30% of the maximal EGF dependent Akt activity
was observed at 30 min (i.e. mimicking the high density condition), then EGF no longer
stimulated proliferation of these cells (fig. 10). In summary, cell contact mediated suppression
of Akt activity blocks proliferation and may identify a critical mechanism for contact
inhibition of growth.




7
4 80
A i 70 4 =&~ Low Denuity - High Denslty
32 o-
+F 501
e e
£ = 40 A
£
'g\e 304
g‘ 20
& 10
T 0 -———@— T T
0 0.5 4 8 16 21
Time in Hours
L0 105 14 L8 L16 L21 HO HOS H4 H8 H16 H21
B.
M% wu“ﬁmm*uu* Rb
C. P27

Figure 1. MCF10A cells exhibit density dependent inhibition of growth. MCFI10A
cultures were grown to confluency (High density). A confluent dish was split 1:4 and
reseeded in a larger dish at approximately 15% of its original confluency (Low density). After
allowing the cells to attach for 6 hrs., the cells were placed in growth factor free media for 18
hrs. After the Low density, L, and High density, H, were treated for 0, 0.5, 4, 8, 16, or 21 hrs.,
with 5 ng/ml of EGF, lysates were collected and total cellular protein was determined. Equal
amounts of total cellullar protein were separated by SDS-PAGE, transferred to nitrocellulose
and immunoblotted for B. the retinoblastoma protein (Rb), and C. P27. A. shows the results of
a densitometric scan of B. hyperphosphorylated Rb expressed as the percent of total amount of
Rb.
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Figure 2. EGF receptor autophosphorylation is greater in low density cells. MCF10A
cultures were grown to confluency (High density). A confluent dish was split 1:4 and
reseeded in a larger dish at approximately 15% of its original confluency (Low density). After
allowing the cells to attach for 6 hrs., the cells were placed in growth factor free media for 18
hrs. After the Low density, L, and High density, H, were treated for 0, 5, 10, 20, 25, or 30
min., with 5 ng/ml of EGF, lysates were collected and total cellular protein determined. Equal
amounts of total cellullar protein were separated by SDS-PAGE, transferred to nitrocellulose
and immunoblotted for A. tyrosine-phosphorylated EGF receptor, B. EGF receptor mass, and
C. B-catenin (as a loading control). For D. and E., equal amounts of total cellular protein were
immunoprecipitated with polyclonal EGF receptor antibodies before separating on SDS-PAGE
and immunoblotting with D. phosphotyrosine (PY) and E. EGF receptor mass.




124

-’i"'
8
L0 L5 L10 L20 L25 L30 HO H5 H10 H20 H2S H30

IB-PY
A, FEReEmese e IP-erbB3
B . S b b b o8 B wn wi 5o 9w 1B-erbB3
) ’ IP-erbB3
IP-erbB3

Figure 3. EGF-dependent erbB3 activity is unaffected by density. MCF10A cultures were
treated as described in figure 2. After immunoprecipitating with anti-erbB3, the cultures were

immunoblotted in A. for phosphotyrosine (PY), in B. for erbB3 mass, and C. for p85 subunit
of PI3 kinase.
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Figure 4. EGF-dependent Gabl phosphorylation and p85 association of PI3 kinase are
unaffected by density. MCF10A cultures were treated as described in figure 3. After
immunoprecipitating with anti-Gabl, the cultures were immunoblotted in A. for
phosphotyrosine (PY), in B. Gabl mass, and C. for p85 subunit of PI3 kinase.
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Figure 5. Gabl-associated PI3 kinase and EGF-dependent PDK1 activities are
unaffected by density. MCF10A cultures were treated as described in figure 2. After
immunoprecipitating with anti-Gab1, PI-3-kinase in vitro activity was analyzed, B. A shows
the average +/- one standard deviation from densitometric scans of 3 experiments. C. shows

lysates immunoblotted for phospho-Akt(T308) (the site phosphorylated by PDK1). These are
representative blots from 3 experiments.
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Figure 6. EGF-dependent erk1/2 activity is unaffected by density. MCF10A cultures were
treated as described in figure 2. and immunoblotted with A. anti- p44/p42 erk1/2, B. anti-erkl,
C. p42 erk2 (lighter exposure), and D. anti-erk2. These are representative blots from 3

experiments.
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Figure 7. EGF-dependent Akt activity is suppressed by high density. MCF10A cultures
were treated as described in figure 2. and immunoblotted with B. anti- pSer473 Akt, and C.
anti-Akt. A. Shows the average +/- one standard deviation from densitometric scans of 3
experiments (one shown in B.). * designates student t-test p< 0.05.
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Figure 8. EGF-dependent Akt in vitro Kinase activity is suppressed by high density.
MCF10A cultures were treated as described in figure 2. After immunoprecipitating with anti-
Akt, the ability of Akt to phosphorylate glycogen synthase kinase 3 fusion protein (GSK3
Fusion) in vitro was measured, B. Part A. shows the average +/- one standard deviation from

densitometric scans of 2 experiments. These results are preliminary pending the result of at
least one more experiment.
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Figure 9. High density cultures suppress EGF-dependent Akt activity for at least 21
hours. MCF10A cultures were treated as described in figure 2. and immunoblotted with A.
anti- pSer473 Akt, and B. anti-Akt.
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Figure 10. Partial suppression of Akt activity in low density cultures after treatment with
the P13 kinase inhibitor, 1. Y294002, is associated with inhibition of cellular division. Low
density cultures were treated for 21 hrs. with or without 5 ng/ml of EGF. After 30 min. of EGF
treatment, the cultures were treated with or without 30 uM LY294002. (Prior experiments
showed 30 pM LY294002 to inhibit Akt (Ser473) phosphorylation to 30 % of its maximum
phosphorylation levels). Lysates were collected and total cellular protein was determined.
Equal amounts of total cellular protein were separated by SDS-PAGE, transferred to
nitrocellulose and immunoblotted for A. phospho-Akt (Ser473), B. Rb, and C. P27.

Conclusions:

1. Although high density cultures have half the EGF receptor autophosphorylation, EGF
responses in high and low density cells are comparable down to the level of Akt..

2. Suppression of EGF-dependent Akt activation distinguishes low density from high density
cells.

3. When LY294002 is used to artificially suppress Akt activity in low density cultures,
cellular division is inhibited.

4. Regulation of EGF-dependent Akt activation may be a critical mechanism for cell contact
inhibition of growth.
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KEY RESEARCH ACCOMPLISHMENTS

Demonstrated that expression of the LAR phosphatase in the human breast cancer cell line,
MCF?7, is dependent upon cell-cell contact.

Characterized the mechanism by which LAR protein is regulated and demonstrated that
functional E-cadherin complexes are necessary and sufficient for this effect.

This is particularly relevant to the objectives of this project because engagement of E-
cadherin complexes are also known to exert an inhibitory effect on EGF receptor signaling,
particularly mitogenesis. Might it be that the E-cadherin effect is, in part, mediated
through the expression of the PTP LAR as our hypothesis would suggest?

Cell contact inhibition of EGF-dependent growth is mediated at the level of Akt activation.
Akt activation if a critical step for control of cell cycle progression, and this inhibition by
contact inhibition is present for at least 21 hr after exposure to EGF.
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REPORTABLE OUTCOMES

Publication:
Symons, JR, LeVea, C, and Mooney, RA (2002) Expression of PTP LAR is regulated by cell
density through functional E-cadherin complexes. Biochem. J. 365, 513-519.

Manuscript in preparation:
LeVea, C, and Mooney, RA (2002) Cell contact inhibition of growth is mediated by E-
cadherin dependent suppression of EGF-stimulated Akt signaling.

Mouse transgenic model:
Targeted expression of human LAR selectively to the mammary gland via the MMTV
promoter.
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CONCLUSIONS

Work in the second year has supported the hypothesis that LAR is a negative regulator
of EGF receptor signaling. We have characterized the regulation of cellular LAR expression
and have revealed an important role for E-cadherin in this process. LAR is regulated by cell
density, with concentrations increasing markedly as cell density increases. Functional E-
cadherin complexes are necessary for this effect. Tyrosine phosphorylated proteins in the E-
cadherin complex may be substrates for LAR. Thus, LAR may regulate E-cadherin complex
function. How does this regulate EGF receptor signaling? It is well known that the
proliferative effect of EGF receptor signaling is suppressed at confluence, presumably by E-
cadherin complexes. We now have shown that EGF proliferative signaling is inhibited at the
level of Akt activation. We must now investigate how cell contact inhibition and, presumably
E-cadherin/LAR complexes regulate EGFR dependent Akt activity.

Characterization of mammary gland development and tendency to tumorigenesis as a
function of LAR expresssion is now underway. These studies will yield important information
in the coming months in the laboratory of Dr. Kisseberth at Ohio State.

References; NA
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Expression of leucocyte common antigen-related (LAR) tyrosine
phosphatase is regulated by cell density through functional E-cadherin

complexes
Javsile R. SYMONS, Charles M. LEVEA and Robert A. MOONEY!
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The resoprbie i Sine. &2 leucoeyle com-
mor. antigen-related phosphatase (LAR) has been implicated in
receptor tyrosine kinase signalling pathways white also displaying
cell-density-dependency and localization to adherens junctions.
Wacrcas physiological substrates for LAR bave not been identi-
fied unequivocally, f-catenin associates with LAR und is a
subsirate i ti1vo. With the implication tnat LAR may play a role
in regulaiing E-cadherin-dependent cell-ce!l communication and
contact inhitition, the relationship of LAR with C-cadherin was
investiguted. LAR expression inoreased with cell donsity in the
humaun breast cancer celi fine MCF.7 and in Ln 3 cclls derived
from the 13762NF rat mammary adenocarcinoma. [.AR protein
levels decreased rapidly when cells were replated at a low density
after attaining high expression of LAR at high cell density. COS-
7 cclls displayed compurable density-dependent regulation of
LAR expression when transiently expressing exogenous LAR

under the control of a constitutively active promoter, indicating
that the regulaticn of expression is not a1 the level of gene
repulation, Disrupting homophilic E-cadhcrin complexes by
chelating extracellular calcium caused a marked decrease in LAR
protein levels. Similarly, blocking E-cadherin interactions with
salerating amounts of E-cadherin antibody (HECD-1) also led
to & rapid and pronounced loss of ccltufur LAR. In contrast,
mimicking cell-surface E-cadherin engagement by plating cells ut
Jow deasity i Lo dishics cuated will: HECD1 sesuited i a 2-fold
increuse in LAR cxpreszion compared with controls. These
results suggest that density-dependent regululion of LAR cx-
pression is medizted hy Ninatinnal Fecadherin and may play a
role in densily-dependent contact inhibitior by regulating tyro-
sinc phosphorylation in E-cadherin complexes.

Key words: f-calenin, MCF-7,

INTRODUCTION

E-cadherin is a2 member of a family of calcium-dependent
trangmembrane proteins which play a central role in cell-ceh
commmucication and contact inhibition [1,2]. These functions are
mdiated Ly Lowopliliv indiag between catiavclular dunnaius
of E-cadheria exprossed on neighbouring cells and localized to
adherens junctions. The intracellular domain of E-cadherin
contains hinding sites for severat proteins, including S-catenir, p-
catenin (plukoglobin} and p120 calenin. Tigh! ecllell adhesion
is achieved through these protein-protein interactions, which
form a bridge (o the actin hlaments, The E-cadherin intracellular
domain bings F-catenin, which in turn binds x-catenin. it is
thought that x-calenin nteracls dueelly or mdreclly (vig 2-
actnin) with the F-actin bundles, linking the complex 10 the
actin cytosheleton and forming a stable structure when laterally
cluatered [3}.

Lose of E-cadherin in transformed epithelial cellg hag been
corrchated with increused tumour invasiveness in virre snd with
fumour progression i vive [4,5] In breast cancer, loss of
functions| E.cadhcrin complexes corrclutes with a loss of the
epithelial phenotype and increased invasiveness [§] E-cadherin
and the preteins within the caaberin complex are tnought to be
pusi-trunslationally modified W provide 4 mechanism (or rapid
turcover and modulation of the functional state, Several of these
proteing, including p!30 catenin, E-cadherin, y-catenin (pluko-
ginkin) and A-catenin, ars apparently regulared by tyrosine
phosphorylation {7-9]. Whereas tyrosine phosphorylation of -
catenin appears not 1o promole it uncoupling from cel) sdhesion
complexes dirsctly [10], it may be involved in a mechanism for

disruption of furctional E-cadherin complexes. Studies in vitro
have identified several procin tyrosinc phosphatases (PTPs) that
bind to and alter the phosphorylation state of f-catenin. Among
the kinasgs, the epidermal growth fuctor (EGF) receptor and erb-
B2 associatc with p-catenin i vrtro and i vao [i LI2L A p-
calcuin gt lsckiug s Netenuival tadf, including much of hy
centra) armadillo motifs, cannct bind E-cadherin but binds lo
erb.B2. This mutant inhibits the tyrosine phosphorylulion of
endagenons f-catenin associated with the Feradherin romplay
[12]. Cells transfected with this deletion mutant display decreased
transforming growth factor-a-dependent migration in virro and
decreascd metastasis in vivo. The hepatocyte growth factor (HG F)
receptor/c-Met receptor has besn shown lo co-loculize and
assoctute with B-cadhcnn and f-catcnn m epithelial tumour cells

{13} Following c-Met activation with HIGF 4+6% facior, (yrosme Sc

phosphorylation of g-catenin veours and wll-wll coutacts s
disrupted [14]. The Bre kinasc has hecn implicsted in this HGF-
dependent progess [15], Rat Aibroblasts become metustalic und
losc their compact aggregating morphology when transformed
with v-Sr¢ [16], Tyrosine kinusc inhibitors restore tight cell-cell
adhesion. J-Catenin is the most significantly increased tyrosiue-
phosphorylated protein of the cadherin-associated proteins ia
the prsence of v-Src [16] 1Jespite these observalions, Lyrosme
plrosphorylution of g-cutenin as 4 mechanism for distuption of
functiona! Creadherin complexes remaing controversial [10].
Scverul PTPe have ulso been shown to assoviate with cadherin
complaxes [17-71] PTP activity appears m he necessaty for
strong cell-cell adhesion since cell-cell contact can he disrupted
by treatment with the PTP inhibitor pervanadate [22]. Studies in
vitro have demonstraied that leucocyte common antigen-related

Ahkrevislinng near FGE, apldermal grawth fantar: HGE, heparceyte growth fantor; | AR, ieucnoyte cormon antigen-relsted phesp4atasa: PTP.
protein tyrosine phosphatase; E-subunit, extraceifular suburit; P-subunit, PTP-domain-containing subunit,
To whnom corespondence should ba addressea (e-mai robert.mooneyidiurme.rochester.edu).
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phosphatasa (LAR) asgociates with the N-terminug of 5 satenin
and the ciosely relared yecntenin [17). #-Catenin has uiso been
shown to be a substrate for LAR in vitro [23]. These daia sugges|
that LAR raay play 4 role in the maintenance of cell—cell coritacts
by regulating the tyrosine-phosphorylation state of one or more
proteins in the E-cadherin complex. Here, we cxpund upon the
earlier report that LAR is regulated by cell density [24], Func-
tonal E-cadherin complexes are shown to reguiate expression ot
LAR ilnough 2 wechanism that does not require changes In rates
of transcription, Rogulation of LAR expression may be 4
mechanism by which E-csdherin coniplexss control their own
fimetional state

EXPERIMENTAL
Cell lines

COS-7 green monkey kidney cells were oblained from the
ATCC, Ln 3 rat mammary adenocarcinoma cells were a
generous gift from Dr Carl McGary (University of Rochesler,
Ruchester, NY, U.5.A,). MCF-7 cells were provided by Dr P. ).
Simpaon-Haidaris {University of Rochester).

Plasmids and tranclestions

‘ihe mouse L-cadhienn construct was a generous gitl from
Masatoshi Takelchi of Kyoto Universily, Kyoto, Japan, and has
been described previously [25). Hwuan LAR ¢DNA (kindly
provided by Michel Streuli of the Dana Farber Cancer Institute,
Boston, MA, U1.8.A.) was ¢loned into the pcDNAJ vector in
frame with & & Myc/Hix g Ractarial teangformation wuas
performed using subcloning efficiency DHSz (rom Life Techno-
logies. Plasmid preparations were performed using Qiagen maxi-
prep kits according to their protocol. DNA concentration and
purity were measured by UV spectroscopy. Transient transfee-
tions of cell lines were perfermed using the Fugenc 6 reagent
(Ruche) under serum-frec conditions as described by we many-
facturer, Trunsfected cells were maintained for 361 Lefuie
experimentation,

Anlibodies and reagents

Mouse monoeional antibodies specific for g-catenin, E~¢cadhenn
aud the LAR E-subunit were friin Transduction Laboratories.
The anti-phosphotyrosing antibody 4G10 was from Upstate
Biotechnology, Antibody for the LAR P-subunit (PTP domain

containing subunit) was provided by Dr Rarry Goldstein of
Thomus Jofferson University (Philadelphia, PA, U.S.A.). Anti-
bodies to human E-cadherin (HECD-1) and rat E.cadherin
(DECMA-1) were Irom Zymed. All other reagents wers pur-
chased frorn Sigma unless otherwise indicated,

Immunoprecipitations and Western biotting

When direct analysis of cell lysates was appropriate, cells were
seraped into Laemmli's lysis buffer (156 mM Tris/HCI, 5%, SDS
and 2.5% glveerol) at 100 °C. After normalizing samples based
on proiein using the Markwell-Lowry protein assay, proleins
weis sepaiated by SDS/PAGE.

When immunoprecipatation of proteiny wus required, cclls
were scraped into lysis buffer [ M Tris/HCI, pH 7.4, 2 M NaGi,
I M NaF, 10% Triton X-100, 200 mM PMSF, benzamidine,
tetrasodium pyrophosphate, p-nitrophenylphosphate. pervuna.
date und u protcasc-inhibitor cocktail (Calbiochem)). Lysutes
werc passed 10 times through an 18-gauge needlc. Sumples were
protem-normalized using the Bradlord assay. The immunopre-
ciplating antibody was pre-bound Lo Protein G-Scpharosc beads
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(Amcraham Bioseience) before lvsates were added at 4 °C fur
1-4 h, Beads were wached three times with Triton wagh bufler
(19 Tritor X-100, 100 mM Tris/HC! and 15¢ mM NuCl) befors
immunoprecipitatcs were eluted with hailing Tasmmfi sample
buffer (7§ mM Tris/HCL 2.5%, SDS. 2.5 glycerol and 2 mM
dithiothreitol). Sumples were transferred to either PVDF or
nitrocellulose membrares and anulysed by Western blotting. The
blots were developed with cither Amersham Bioscicnee or Pierce
chemilumincscence reagents,

Cell-density-dependent plating assays

Following propagation te confluence, eclls were rinsed, dispersed
with 0.23%% trypsin for I~5mn and resuspended in standard
serum-contdining media. Cells were pooled and concentrated by
centrifugation. Aliquots weie seplated a Ligh (> 85%%) or low
(< 30%)density in 100 mm dishcs. At appropriate time points,
eells were lysed and protein éxproscion analysed by Western
blotting as cdescribed shove

Disruption of E-cadherin complexes

MCF.7 cells were grown Lo conflucnce in 24. well dishes. Coll cell
contact was dismipted with either EGTA or HECD.1, a mouse
monoclonal anti-E-cadheria unlibody. For EGTA trestment
EGTA was added at S mM with a media change followed by
incubations for 6 h or lews, Incubations of 18 b and loager were
found to be cytatoxie. To block E-cadherin more specifically,
MCE-7 cclls were incubated in media containing the E-cadherin-
blocking antibody, HECD-1, at 1, 3> or (U sg/mi lor 18-24h
Cells weic uaaniad by light microscopy ut scveral time points 1o
ensurc cell viability and to record morphological changes faduced
by treatment, Protein exprossion wae analysed as desoribed
ahave.

RESULTS
LAR proteln tovels ohange with ocll density

Qur previous studies incicated that LAR prolein expression is
cell-density-dependent {24]. In light of the observed association
of LAR with constitucutls uf the udberens junctions [17,23,26}
und the defeet in terminal diffcrentiation of the mammary gland
in LAR-knockout mice [27], the current study was initiated to
explore the mechanism of erll-density-dependency of LAR using
breast cancer cell lincs. LAR protein levels were examined in the
humuan MCF-7 breast carcinoma cell line and in a rat mammary
udcnocarcinoma cell line, Ln 3, Each cell type was grown for
several passages al either high (85-100%, confluence) or low
(10307, conflucnce) ccll density, 1he MUF-7 celis were ad-
ditionally exumined 4t 40-60 %, confluence (medium density),
Cell lysutes were normalized for protein and scparated on
SDS/PAGE gels. In the humun MCF-7 cell lins, LAR protein
increased markedly from Inw tn high density as detected by
Western blolting using an antibody to the LAR E-subunit
(Figure |A). It wus possible that the difference in LAR E-subunit
expression did not reflect expression of the catalytically active P.
subumt. For example, the E-subunit alonc may hive been lost at
low cell denslty que w proteolytic clcavage or shedding of thig
extracellular dumain [20). However, whun MCF-7 tysales were
probed with un untibody to the catalytic or P-subunit of LAR,
compurable density-dependent changes in LAR expression were
chserved. Similarly, the highly metastatic Tn % rells, derived
from the 13762NF rat mammary adenocarcinoma [28], exhibited
alarge increase in LAR protein from low to high density when
detecied with the P-subunit antibody (Figure |B), The lcss
metastatic Lo 2 celis, also derived from the 13762NF tumour,
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Figure 1  Eflest of cell density on LAR and E-cadberln exprassion

MCE-7 (R andd I n 3 (B rell lines werr grown fnr everal paseanas al high (» B5%), medivm
{aaproc. 40-60%), or low (< 30%) centlugnos, After cel lysis, proteins were separated by
SDS/PAGE and Iranslerred to nitrocelitose. LAR subunit expression in MGF-7 calls (A) and
expresston ul LAR and E-cadlienlt l: Ln 3 cuils (B) weie oelacted by Westem bloting as
descrided in Ihe Experinenial sctior. AL5lenin was vsed 36 8 Joading contrel In (A).

showed & progressive iucrease in LAR Tevels from low to high
denaity aimifer ta the Ln 3 el line (results not shown). Analysis
of E.cadherin levels as a function of cell density paralleled LAR
levels in Tn 3 colls

LAR lcvels rospond to rapld ehangea in cell density

Thetollowtng investigation examined the impact of acute changas
in ¢ell density on LAR cxpression. Cells were srown toconftuence
befure being dissuciated, puyled and replated al cither high or
low density. Within4 b of replating, LAR protcin lcvels decreased
murkedly when replated 2t fow density. {n contrast, mplating at
high densily preserved the pre-existing LAR expression (Figure
2). Exadherin levels decreased in parallel with those of LAR
when colls were cxposed to low-cell-density conditions. In
contrast, A-catenin, which was used as a loading control, showed
no density-dependent changes, though u small increase was
ubservable uy @ funciion of time after replating. The decreased
sapression of LAR reflected changes in both the E- aud P-
subunits. Whereas the E subunit potentially could huve been
infinenced hy shedding, the similar density-dependent changes in
LAR observed in Ln 3 cells (Figurc 2B) probed with either a P-
subunit or E-subunit antibody argue that decreased cell density
initiated the loss of total cellular LAR protein,

The above investigation demonstrated that LAR levels de-
credsed markedly within 4 h of an acute aecrease in ¢el) density,
Neal the weaponse W su acule increase in cell density was
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Flgura 2 Rapir derrrase in LAR sxpression with 8 deerease in cell density

MU~ (A) an8 LN 3 (B} calls, which hed been maintaingd al cuntlc srce, were resuspended
with L-ypain and reploted st cither D gh (5 85%) o low {~ J0%; contluence ‘or either 4 ¢
6h. Changes n eypression of LAR F-saharii (A, B), 1AR P.subiinit (R). Feachorin ‘) and
J-ateni (R) were delermingd by Westem biotiing. Gid, contro,

investigated. Cells were maintained at 10309, confinence for
several days beforc harvesting and replating at high density.
LAR prolcin cxpression was analysed by Western blotting at
subsequent times as indicated in Figure 3, LAR was modestly
mereased within ¥ b of replating at high density and continued to
increasc more substantally from 8 10 24 h, By 24 h, the fevet of
LAR proteia reached thay of the high-deusity control ells
{easults not shown). Becuuse MCF-7 cclls do not prolifcrate
rapidly und the cells had baen plated at high density, the increare
in LAR protein expression was not likely to be due to cell
prolifcration. The more modest increase in f-calcnin and the

Figure 3 Stow increase (3 LAR oxprascion with 2 rapid increaee in gsll
densily

VCE-T el wers mainigined at low density (~2 30%) for several passegss Fulluwisy
fESUSPEASEN wilh Iryasin. pacled cells ware weplaed af high rafl dencily Atter rapialing, LAR,
E-CaCherin and /-catenin exprassion were determined dy Western biohing at the indicasd time
paints
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Figure 4  Denslty-depesent regulation ol eclopically expressed LAR

COS-7 cells were transiently ransfeclar with 2 human LAR cONA canstruct 5 descrived In the
Experimentat section. At3E i post-transtectior, cels war résuspenced with brypsir, cooied znd
replaied et cither high (- B5%) of low (~ 30'%) co~iheence for G b, Dxperiments w'in the low-
rEnBugnzA randilios wers perfurmnd in duplicale | AR expuassinn waz dninmingd By Weslern
tiotting.

absence of 4n incrcasc over the time period (12-24 h) that
corresponds to the large increases in LAR and E-cadherin
supports this conclusion. Intercstingly, the most substantial
increases in LAR protein expression occurred subsequent (o the
funmastion ol cell- cell contacts, As observed by light microscopy,
the MCF-7 cells bogan (o spreud at 46 h and visible cell- cell
contacts were observable ut 8-10h. Whereas LAR levels in
ereased suhstantially after 8 h, maximum levels were not reached
for an additional 16 h. Thus the slow rate of increase in LAR
tass with an acutc increase in cell density is in marked contrist
to the very rapid loss of LAR with acutc decrease in cell density.
It is Jogied to speculate that de novo synthesis of LAR, and
perhaps other proreins, is required to mediate the obscrved
changes. Finally, increases in LAR protein levels paralleleq those
ul E-vadhictin in tesponst w the increase iu eell density, From the
above data, we hypothesize that LAR protcin levels increase with
the formation of functional cell—ell contacte.

Density-dependent changes In LAR levels do not requira changes
In the synthetic rate

To address the possibility that the difference in LAR levels at
varying densities was due to differing rates of transcription, we
nied # methad similar to that of Gehhink et al. [29]. £0OS-7 cells
were transiently transfected with LAR ¢DNA under the conirol
ol a constitutively active promoter. The transfected cells were
incubated for 24 h, dissociatcd and replated at either high
(> 85%) or low (< 30";) density. The cells were lysed 24 h later
and LAR expression was analysed, Nince exogenous LAR
expressiun s under thecontrol ol constitutively active promoter,
the transcription ratc of LAR remains constant whether cells are
at high or low densities. Changes in LAR levels would be due to
altared ratex of prasein degradation or mRNA stability and
translation, As shown in Figure 4. LAR expression in transfected
COS cells, which express no delectablc cndogenous LAR,
increased several-fold with increusing cell density. Thus regu-
lation of LAR trunscription ratc is not responsible for denstty-
dependent LAR cxpression. Ectopically expressed LAR in CUS
wells wpprased as u duubler by Western blotting. One potential
oxplanation is that theac banda represent alicenatively spliced
isoforms of the extracellutar domain of LAR. Zhang el ul, [30]
have described a 27 hpy exon encoding 2 nine smino acid sefUenen
in the E-subunit of LAR that is allernatively spliced. This group
has shown that cxpression of these isoforms is expressed in a
developmentally regulated pattern in the brain, While the co-
sxpression of two LAR isolorms is nel observed routincly in
trangfection experiments, doublets of the E-subunit have been
vbswi vad by Woswan bluliiug folluwing uansfestios 131.32]. An
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Figure 5 ENect of EGTA-dependent disruption of call-call contacts pn
axpression of LAR and E-cagheiin

Cart'venl MCF-7 celis were trezled with 5 mM EGTA lof Ihe lie periads indicated and tmen
harvested. LAF, E-caznztin and f-2lanin (ioading control} expression were determined in the
CE iySaies JSng Wastura igltng,

altes wative caplauation for the presence of @ doublet In LAR
Western blots i3 that on¢ or both represent in sitro proteolytic
fragments, The ratio of the two immunoreactive bands remuined
relatively eonstant at approv. 1.0 amonyg samples und between
experiments. This and the absence of 1 doublet with endagenous
LAR arguc for a cell-dependent processing rather than an in virro
artifact, such as proteolysis.

LAR protain levels are aitered by disruption of E-cadherin-
meiaten celi-gell contapt

We hypothesized that cell-density-dependent increases in LAR
protein expression were due to a signal mediated by E-cadherin-
dependent cell cell contact, To pursue this possibility, MCF-7
cells were treated with EGTA to disrupt cell--cell contact through
chelaiion of the cxtracellular calclum requived for E-cadherin
homophilic binding betwesa cells, Followiug EGTA ueausent,
the cells wers examined by light microscopy to document
morphological changes. By 1 h of treatment with EGTA, MCF-
7 cclls became rounded and detached from ona anather At 6 h,
MCF-T cells had no cellcll contucts, but the cells remained
attached to the culturc dishes. By 18 h, cells had begun to lift
from the dish and marked cell death was apparent, Cells were
lyscd at these various time points (exciuding 18 h) and protcin-
normalized Iysates were separated on SDS/FAGE gels. Western
blutting for the LAR E-subuuiticvealed that LAR was gapressed
in high amounts at 0, 1 and 2 h, but decreased sharply after 2 h
(Figure 5). After 6 h LAR protein was undetectable (results not
shown). E-cadherin protein levels were alsn examined to de.
termine whether loss of cell-cell contact induced by EGTA also
caused changes in E-cadherin expression. E-cadherin protein was
also high at 0 and 1 b, but began to deercase by 2 h (Figure $).
Ax 4 control lor protein toading, celf lysates were probed for -
caienin. There was no change In g-catenin proteln expression al
any tims point (Figure 5). Whereas both G-cadlheiin and LAR
levele decreasad with EGTA traatment, the decraase in E vudherin
commenced at an earlier time point than that of LAR. This
indicates that total cellular E-cadherin does not closely corrclate
with LAR under these conditions, LAR did, howsver, decrease
in responsc to disruption of cell-cell contacts. What is not
assessed here is the impact of calcium chelation on the cellular
clearance mechanisms for E-cadhenn and LAR. It has been
demonsirated, for exumple, that culcium mobilizaton with
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Figure 6  Enact of E-cadherin-bloeking anlihody on expression of LAR and
E-cadherio

Confluent MCE-7 cells were freaied for 24 © with medla comaining the E-cadhevin-bigcking
artidedy HEUD-1 20 the cancerirahons indicatad | /) or the Io%: coniret (ctrl). Cels were
harvealed ot 24 h and LAR ane Ccedherin sxpression aere determined in cell lysales using
Weslain bioling.
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Figurs 7 Effact of ectopic E-cadherin expression an density-dependent
reguiation of LAR

G067 calls were L-ansiently Iranslesled with construsts kot LAR, E-cagherin (E-Cad) or nul
veclor (CIr) ag Indisales. Aller 48 b, cells were resuspended and replated 2t high (l2nes 1, 3,
Jand 7) w luw de sty Clanes 2, 4, 6 gid 8) 31 6 1. LAR expessitn was gglermingd ushng
Wastern biotiing.
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Figurs B E-cadherin-dapendant Incresss in LAR axpression

MEF-7 colis ware piaod al low g sily on Lo culture dishes coated will giher antl £ cadhenn
aniinly (HES0-1) wi iobbil 1yG ay o cunivot. Gells biad bz maahiter ey sl low density tor e
previous 48 1. A'ter 12 h, cells were harvesiez and LAR Qxprassion dglermined by Western

bietting. Duaniitative resuils ‘epresent the m3gns + 5.0, rom thiee experimerts each perfamer
i guplicals.

ionophore A23187 induces proteolysis of celiular LAK [26],
EGTA Ulwks this wnophuic-depondeut proweolytic process. T is
posusible thut chelution of ealeium with EGTA in our experiments

relurded the clearance of LAR that wus otherwise initiated by the
disruption and clearance of E-cudherin.

Since expression levels of LAR and F-cadherin wern nhearvad
10 change in purallel under most, though not all, conditions, we
sought to determine whether a morc direct relationship between
the two proteins could be established. The homophilic cadherin-
meciated Celi-vell interactions are the molecular scusors of cell
density, Thus we hypothesized thal functional E-cadherin intzrac-
tions, not necessarily total cellular E-cadberin coneni, may be
responsible for the density-dependent change in LAR protein
levels. To determine whether functional cadherin complexcs
contedi density-dependent TAR expression, we inhibited extra-
ccllular cadherin interactions directly by using an E-cadherin-
specific monoclonal blocking antibody, HECD-1, Conflucnt
MCF-T cclls were treated with 1, 5 or 10 ug/ml of HECD-1 10
inhibil ccll-ccli contact, When the cells were analysed for
morphological changes, light microscopy revealed that 5 and
10 s/ int HECD-! cuused greater than half of the ¢alls 1 round
up (results not shown). When 1 g/ml antibody was uscd, the
cclls maintained their ¢sll cell adhesive propertics. Western
blotting showed 4 murked decrease in LAR expression when
HECD-] was added at 5 or 10 sg/ml as enmpared with the
control (Figure 6). Thus cadherin complexes mediate the ex-
pression of LAR protein. Under the same conditions, E-cadherin
protein levels were not reduced, indicuting that functional E-
cadherin interactions ruther than just cellular E-cadherin ex-
pression regulated LAK expression.

E-cadherin alone Is not sulficient for the reguiation of LAR

Since ighibition of E-cadherin homophilic interactions resulted
in decreased LAK expression, we hypothesized thal Functional E-
wdherin complexes were responsible for density-dependent regu-
lation of LAR expression, perbaps by sequestetivg LAR al
adherens junctions and decreasing ita turnover. To cxaming this
possibility, COS-7 cells were trunsiently coetransfectad with
mouse E-cidherin and human LAR. Transfection efficiency ol
E-cadherin was approx, 30-40% as assessed by immunocyto-
chemistry. Whereas we did not have an appropriate antibody to
determine the transfection efficiency of LAR, Western blotling
reveaicd cclular cxpression levels of LAR that exceeded those of
primary hepatocytes and several hepatoma cell lincs, including
HepG2 cells, It was assumed hiat A bansfoclivu efficiency of B-
cudherin wus aufficicnt to influcnce the eellular lovel of transfected
LAR if such an interaction wus occurring. While the reguits were
variahle and the data in Figure 7 show some increase in LAR
levels with co-expression of E-cadherin, it was concluded that
exogenous E-cadherin did not consistently alter the exogenous
cxpression of LAR in these cells (Figure 7). Nevertheless, protein
levels of cxogenously expressed LAR continued Lo be regulated
by cell density in the co-trunsfected COS-7 cells (see also Figure
4), supgesting that E-cadbeiin aluug is ol suffident w regulate
LAR expresgion,

Activation of E-tadherin complaxes Iz sufficisnt in Increase LAR
expression

Funcrional E cadherin complexcs appear to be involved in the
regulation of LAR expression. Perhaps ectopic expression of E-
cadherin did nor increase AR levels hecanse it did not appre.
ciably increase the amount of funciional E-cadherin complexes.
To more direatly imvestigate the rolc of functional E~cadherin
complexes in the regulation of LAR levels, MCF-7 cells that had
been mambined at low density tor a minimum of 48 h were
replaied on culiure dishes coated with cither the E-cadnerin
untibody TIECD-1 or rabbit IgG. The work of Lambert et al. [33)
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has shown that interactions of ¢etls with snti-csdherin-antibedy-
eoated surfaces will mimic exdberinegmediated cell contact forma-
tion, recruitment of f-catenin, a-catenin and pl20, and iniistc
cytoskeleton reorganization. Here, colls were plated at low density
with little opportunity for cell cell contact. Relative 10 LAR
expression in control cells, LAR increased 2-feld in cells platec
on the anti-E-cadhenn antibody ( Figure 8). Cell proliteration dig
not differ berween the two sets of conditlans during the course of
the incubation.

DISCUSSION

In this study, LAR protein expression was shown o be responsive
to cell density in mammary carcinoma cell lines, and functional
E-cadherin compiexes appeared to be the essentia; mediators or
density sensors for this process. Additionally, transcriptional
regulation did not appear to play a role in the changes m LAR
eapressivn. While the urrent study demonstrates that LAR
levels arc undcr the controf of the C-cadherin complex, it has alse
beer: ehown that LAR levels are sensitive to culeium ionophore
and phorbol ester treatments [26). Under the influence of these
seents, LAR and the closely related PTPr were shown to
undergo proteolytic cleavage and subsequent shedding of their
E-subunit. Loss of the E-subunit was foRowed by internalization
of the catalytic P-subunit us shown by immunohistochemistry.
‘Ihe Wimate tute ol the P-subumit was not determined, though P-
subunly remalned In e cyosol 4 b afer treatment. The E.
Gadhes i-dopeudent cliauges i EAR levels Wit are described in
the current study with MCF-7 and Ln 3 cclls indicatc that
comparable proportions of the P- und E-subunite are lost from
cells in 4 h with n derreasa in reli-cell contact, Although i
cannot he ruled out that the E-subunit is being shed prior to the
loss of the P-subunit, the ultimate result of the loss of cell-cell
contact via decreased E-cudherin homophilic interactions is a
loss of both subunits of the LAR protein. Using conditions thal
were simifar to those used in the present study (i.e. disruption ol
well-cell udhesion), Aicher el al. [26] showed that BGTA treat
ment of A43! olls rosulted in internalization of fecatenin,
plakoglobir and LAR, In this case, the entire LAR moleoule was
internalized (i.e. E- and P-subunits). While this intarnalization is
assumed to lead to degradation, no comparison of the raies of
loss of cellular LAR and E-cudherin were performed. Nonethe-
less, this rcport supports our conclusion that disryption of
celi—cell adhesion results in removal of LAR and supports
mechanism by which the entire LAR molceule is internulized and
degraded in responst 0 4 decrcase in functional Escadherin
vumplexes.

LAR is onc of several PTPa whose cxpression levels arc
influenced by cell density. We reported previously thu levels of
LAR, PTP1B and SHP2 (SH2-domain-containing PTP2) increase
with cell density in the rat McArdle hepatoma cell line, RH7777
[24]. PTP DEP-1 (high-cell-density-cnhanced PTP1) wus first
characterized by its increased expression and activity in high-
denstiy cuitures |34]. PTPy has heen shown to be up-regulated
with Increasing cell density through homophilic binding between
its extraceliular Jomains eapiessed ou adjavent wlls [29]. Tlis i
nol dissimilur [rom the mode of interuction of the cadherin
fumily of transmembrune proteins. It has been hypothesized that
PTPy is up-regulated at high density hecause its homaphilic
intcractions stabilize the PTP at the cell surface [29] and prolong
its half-life. {n contrast to this mechanisem for stubilization of
PTPsathigh cell density, there is no evidence that the extrucellulur
domain of LAR exhitits homophilic binding capabihty. Thus
there is likely 10 be 4 mechunism other than homophilic interace
tions for density-dependent regulation of LAR. One repert
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indicatar, however, that one splice variant of LAR can bind to
taminin-nidogen complexes via its extracellular domains [35].
This has not, however, heen shown 10 affect the halfslife nf T AR
in cells. Finally, our studics indicate that regulatior of tran-
scriplion is not an essential step in E-cadherin-mediated regu-
lation of LAR expression, Density-dcpendent LAR expression is
observed even when ectopic LAR expression is driven by u
constitutive promoter.

Based on published data [17,23,26] and our current observa-
tions, we support a4 modcl in which LAR is sequestered in
functional E-cadherin complexes by un ussociution that stabilizes
LAR and prafanas its halflife. In the absence of or in response
1o disruption of these E-cadherin-dependent associations, AR
5 subject 1o 4 rapid turnover, as we have observed when cells sre
moved to low-cell-density conditions afler being maintained for
several days under conditions of high cell-cell contact (i.e. high
density). However, our data suggest that LAR docs not associate
directly with E-cadherin, When both LAR and E-cadherin were
cutupivally capressed in COS cells, B-cadherin expression had
little or no cffcet on the level of LAR cxpression. The cctopic
expression of' E-cadherin may not form additional functional
complexes with which tn sequester sadditional | AR Nonetheless.
the inability of E-cadherin to affect LAR levels when both are
ectopically expressed in COS at low cell density indicates that E-
cadherin slone is insufficicnt tc modulate LAR levels and suggests
thul other comporents of a functional E-cadherin complex arc
required for the densily-dependent regulation of LAR,

Whereas E-cadherin expression alone Is not sufficient for
modulating density-dependent incicascs iu LAR expiession, B-
cadharin i5 necousury for thia proceas in MCF-7 cclls, This was
demonstrated with cells that were plated on (o & surfuce coatod
with the HECD-1 antibody. Interactions between anti-cadhsrin
antibodies and cell-surface cadherin have been shown to mimic
call-contact formation, cudherin clustering, recruitment of the
vomponents of the activated cadherin complex and cytoskeleton
rearrangement [33). In our investigations, such antibody-mediat.
ed activatlon was accompanied by # 2-fold increase in LAK
expression. These data dowuustiate Liat e densitysdependent
increase in LAR i related dircetly to functional E-cadherin
inreractions,

Wheress TAR dees not appear to associale dircelly with E.
cadherin, evidence both in vive and in vitrs supports a direct
interaction between LAR and g-catenin {17,231, Since f~catenin
is un inlcgral companent in the E-cadherin complex, along with
a-catenin, plakoglobin (y-calenin) and p120 catenin, its physical
association with LAR may cxplain the correlation of LAR
expression with functional E-cadherin complexes. Kypia et al.
[17] first reported the association of LAR with f-cateninin PC12
celle and indicated that the N terminal domain of 2 vutenin is
necessary for this associition. Neither the armadilta damaing of
A-catenin nor association with a-catenin are necessary for un
association in vifro. Muller et al, [23) have shown more recently
that A-catenin is # substrate for LAR in vitro. They observed that
sctopic cxpression of LAR inhibits epithelial cell migration
induced by EGF. Yhis was associated with a decrease 1n the iree,
ursonplexed poul of fecatenin and in the tyrosing phosphory-
lation of this population of f-catenin, It has bocn suggested by
several groups [16,36,37] that tyrosinc phocphorylation of -
catenin muy disrupt the interactinon of the Feeadherin eampley
with the actin cytoskcicton. While this remains controversial.
increased frec #~catenin may indicate disruption of E-cadherin
complexcs. LAR may regulate this process, which is important to
cell migration by controiling phosphorylation of f-catenin.

The daw In the current study now add to this model by
demanstrating that celtular levels of LAR e contivlhal Uy i
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functiona) E-cadherin complex. Whereas stnichamerric stadies
were 1ot possible, it is intcresting to speculase that cellular LAR
levels reflect the number of functional E-cadherin compiexes.
More specifically, these LAR levels may reflect g-catenin seques-
tration in the ¢complexcs. Muller et al. {23] kave shown that free,
uncomplexed p-catenin increases with EGE {reatment. It this
poul of fioe fecatenin iy derived from E-cadberin complexes,
might this altered localization affcct the associated LAR mol-
eculel In prehminary studiee, we have observed thut LAR levels
decrease in response 10 FGF in 4 time course that is consistent
with increases in free f-catenin (C. M. LeVeaand R. A. Mooney.
uapublished work).

Ir. summary, tyrosine phosphorylation in E-cadherin com-
plexes may be an cssential regulatory mechanism lo maintain
celi-cell contact or 10 control migration in response to extracel-
lular stimull. Hers we demonstrate that celiutar levels of the
transmgmibiznic PTP LAR arv regutated by funciional E-cadherin
complexes. The increased LAR Jevels at high cell density may
represent 2 cellular mechanism to supprese further tyrosine
phosphorylation of p-catenin (snd plaknglobin?) in the E-
cadherin complex and maintain eontact inhibition of zrowth.

This work was Supporied 1n part by a grant (DAMD17-D0-1-0423} from fhe
Dopartment of Dafense Dreast Cancer Nzsearch Prggram (lo R.A. M) C.M. _ was
supporiet by A felinwship fmm the James P. Wilmot Foundatior.
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